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This innovation enables a means for ac-
tively measuring atomic oxygen fluence
(accumulated atoms of atomic oxygen per
area) that has impinged upon spacecraft
surfaces. Telemetered data from the device
provides spacecraft designers, researchers,
and mission managers with real-time meas-
urement of atomic oxygen fluence, which
is useful for prediction of the durability of
spacecraft materials and components.
The innovation is a compact fluence
measuring device that allows in-space
measurement and transmittance of
measured atomic oxygen fluence as a
function of time based on atomic oxy-
gen erosion yields (the erosion yield of a
material is the volume of material that is
oxidized per incident oxygen atom) of
materials that have been measured in
low Earth orbit. It has a linear electrical
response to atomic oxygen fluence, and
is capable of measuring high atomic oxy-
gen fluences (up to >1022 atoms/cm2),
which are representative of multi-year
low-Earth orbital missions (such as the
International Space Station).
The durability or remaining structural
lifetime of solar arrays that consist of poly-
mer blankets on which the solar cells are
attached can be predicted if one knows
Atomic Oxygen Fluence Monitor
Applications include the semiconductor industry where atomic oxygen is used to clean and/or
remove photoresist from semiconductor surfaces.
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Acquiring cheap, moving video was im-
possible in a vacuum environment, due to
camera overheating. This overheating is
brought on by the lack of cooling media in
vacuum. A water-jacketed camera cooler
enclosure machined and assembled from
copper plate and tube has been developed. 
The camera cooler (see figure) is cup-
shaped and cooled by circulating water
or nitrogen gas through copper tubing.
The camera, a store-bought “spy type,” is
not designed to work in a vacuum. With
some modifications the unit can be ther-
mally connected when mounted in the
cup portion of the camera cooler. The
thermal conductivity is provided by cop-
per tape between parts of the camera
and the cooled enclosure. 
During initial testing of the demon-
stration unit, the camera cooler kept the
CPU (central processing unit) of this
video camera at operating temperature.
This development allowed video record-
ing of an in-progress test, within a vac-
uum environment. 
This work was performed by Geoffrey A.
Laugen of Caltech for NASA’s Jet Propulsion
Laboratory. For more information, contact
iaoffice@jpl.nasa.gov. NPO-47417
Vacuum Camera Cooler 
Cooler maintains proper operating temperature.
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(a)
consequences. Viewers frequently believe
an object is beside a robot when it is actu-
ally behind it, or think that a small rock is
actually a large, hazardous obstacle that
must be avoided. Stage addresses both of
these problems by immersing viewers in
an accurate representation of the operat-
ing environment. 
This work was done by Lucy Abramyan, Jef-
frey S. Norris, Mark W. Powell, David S.
Mittman, and Khawaja S. Shams of Caltech





Photos of Vacuum Camera Cooler: (a) Camera cooler with camera installed and (b) camera cooler with camera partially removed to expose copper tape
and thermocouple, which are attached to overheating camera CPU.
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